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Introduction {#sec001}
============

The dynamic recruitment and distraction of public attention toward social issues has been an intriguing yet unanswered question in political communication research. Many scholars have developed conceptual and mathematical models to explicate the mechanisms that underlie the dynamics of public attention, such as issue-attention cycle \[[@pone.0167896.ref001], [@pone.0167896.ref002]\], threshold of public attention \[[@pone.0167896.ref003]\], and zero-sum game theory of public attention \[[@pone.0167896.ref004]\]. However, few studies have investigated the intricate link between what issues the general public thinks about (i.e., public attention) and how they feel about these issues (i.e., public emotion).

The missing link between public attention and public emotion has its conceptual and methodological causes. Conceptually, a century-long notion in political science claims that "wisdom is only possible when the emotions are silenced and when reason does all the talking" \[[@pone.0167896.ref005]\]. Given that public emotion is considered a destructive factor that can interfere in their information processing and decision making \[[@pone.0167896.ref006], [@pone.0167896.ref007]\], the public is assumed to process political information or make political judgments in an aseptic way that is uncontaminated by their affect \[[@pone.0167896.ref008]\]. Therefore, the role of emotion in political thinking and behavior has been largely ignored or under-studied \[[@pone.0167896.ref009]--[@pone.0167896.ref011]\]. Methodologically, most studies on emotion and politics employed retrospective self-reported measures to observe public emotion toward political objects, such as political campaigns \[[@pone.0167896.ref012]\], candidates \[[@pone.0167896.ref013]\], and social issues \[[@pone.0167896.ref014]\]. These self-reported measures are vulnerable to memory bias and experimenter demand effects and have coarse temporal granularity \[[@pone.0167896.ref015]\], which impedes the tracking of upstream and downstream emotional processes \[[@pone.0167896.ref010]\] and addressing of the interplay among emotion, political thinking, and behavior \[[@pone.0167896.ref009]\].

Psychological research has shown that emotion and cognition are interdependent with, rather than independent from, each other \[[@pone.0167896.ref005], [@pone.0167896.ref016], [@pone.0167896.ref017]\]. In particular, psychologists have investigated how the emotion individuals experience influences their allocation of attentional resources \[[@pone.0167896.ref018], [@pone.0167896.ref019]\]. Echoing these developments in psychological research, many researchers have begun to investigate the role of emotion in various political behaviors \[[@pone.0167896.ref009], [@pone.0167896.ref010]\] over the recent decades. Political scientists have proven emotion as an indispensable component in political judgment and behavior, such as susceptibility to political misinformation \[[@pone.0167896.ref020]\], candidate evaluation \[[@pone.0167896.ref021]\], presidential approval \[[@pone.0167896.ref022]\], political participation \[[@pone.0167896.ref023]\], and vote choice \[[@pone.0167896.ref024]\]. Moreover, the rapid development of machine learning and affective computing techniques empowers researchers to observe users' attention and emotional states in an unobtrusive and direct way by mining large-scale, time-stamped textual information from social media \[[@pone.0167896.ref025]\].

Given that public attention on social issues is a fundamental element of responsible democracy and serves as a premise for subsequent political thinking and behavior, understanding how the dynamics of public attention on social issues will interplay with the dynamics of public emotion toward social issues is of theoretical significance. This study employs a theory-driven approach to develop research hypotheses on the intricate interplay between public attention and public emotion toward multiple social issues, which will be tested using large-scale longitudinal data collected from Twitter over a 12-month period.

Literature Review and Research Hypotheses {#sec002}
=========================================

Given that individuals can hold different emotional reactions toward various social issues \[[@pone.0167896.ref008]\], this study employs an issue-specific, instead of a generic, approach to examine the interplay between public emotion and public attention on multiple social issues. The study will draw on three theoretical perspectives, namely, endogenous affect hypothesis, affect transfer hypothesis, and affective intelligence theory, to develop research hypotheses about the interplay between public attention and public emotion toward social issues.

The first two perspectives address how public emotion and public attention mutually influence each other within a specific issue. In detail, the endogenous affect hypothesis focuses on how the public attention on a social issue influences the public emotion toward the issue *per se*, whereas the affect transfer hypothesis focuses on how the public emotion influences the public attention on the issue *per se* \[[@pone.0167896.ref024], [@pone.0167896.ref026]\].

The endogenous affect hypothesis argues that the pre-existing cognition toward an object induces corresponding emotional reactions toward the same object. However, different conceptualizations of cognition challenges the empirical testing of this hypothesis \[[@pone.0167896.ref016]\]. LeDoux (16) argued that if the cognition broadly includes both sensory information processing and higher mental functions, emotional processing will become highly dependent on cognitive processing. However, if the cognition includes only higher mental functions, emotional processing will not necessarily depend on prior cognitive processing. This study considers public attention on social issues as a sensory information processing that occurs in the human brain because such attention implies that the public perceives the significance of those issues to their well-being \[[@pone.0167896.ref026]\]. Therefore, public attention on social issues can be a precursor of public emotion toward social issues. In other words, the preexisting public attention on an issue will induce changes in the public emotion toward the issue *per se*. Relevant studies have not directly focused on the effect of public attention on public emotion, but the earlier candidate perception of citizens has been proven to influence their subsequent emotion toward the candidate \[[@pone.0167896.ref024]\], which is also found to be a rationalization of their previous evaluation of the candidate \[[@pone.0167896.ref027]\]. Based on the endogenous affect hypothesis, we propose the following:

H1: Public attention on a social issue can induce emotional response on the issue per se.

Affect transfer hypothesis is based on the classical idea of approach and avoidance tendency in psychological research. Individuals' emotion toward an object can lead to behavioral response tendencies toward that object \[[@pone.0167896.ref028]\]. Such behavioral response may include both attention and action behaviors \[[@pone.0167896.ref029]\]. Positive emotion facilitates approach behavior, whereas negative emotion leads to avoidance behavior \[[@pone.0167896.ref030]--[@pone.0167896.ref032]\]. Based on these psychological findings, Brader \[[@pone.0167896.ref026]\] developed the affect transfer hypothesis, which argued that the emotion toward political objects can be directly transferred to relevant political behavior, such as political candidate evaluation \[[@pone.0167896.ref024]\] and political information seeking \[[@pone.0167896.ref033], [@pone.0167896.ref034]\].

In this study, the affect transfer hypothesis implies that the public emotion toward an issue can directly influence the public attention on the issue *per se*. In particular, when the public feels pleased or aroused toward an issue, they will adopt an approach tendency by focusing more attention to the issue. By contrast, when the public feels displeased or disenchanted toward an issue, they will adopt an avoidance tendency by focusing less attention to that issue. Therefore, we hypothesize the following:

H2: The more positive or aroused emotion individuals have toward a social issue, the greater public attention they will spend on the issue per se.

In addition to the within-issue interplay between public emotion and public attention, social issues interact with one another to gain public attention \[[@pone.0167896.ref004], [@pone.0167896.ref035]\]. The most intuitive type of interaction between social issues is competition, which implies that the public attention on one issue is increased at the expense of that on other issue(s) \[[@pone.0167896.ref004]\]. The competitive interaction between social issues is assumed in classical agenda-setting theory \[[@pone.0167896.ref036]\] and is explicitly tested as a zero-sum theory of agenda-setting \[[@pone.0167896.ref004], [@pone.0167896.ref035]\]. Nevertheless, recent studies that collected large-scale data from social media \[[@pone.0167896.ref037]--[@pone.0167896.ref039]\] found that competition is not the sole type of interaction that exists among social issues. Social issues can work together to achieve a win--win scenario or a cooperative interaction. Although clear-cut conclusion has not been reached on whether competition or cooperation dominates the interaction among social issues, researchers widely acknowledge that the dynamics of public attention on one issue intertwines with those on other issues. Therefore, we hypothesize the following:

H3: Public attention on one issue is contingent on public attention on another issue.

Affective intelligence theory suggests that the interaction between social issues is moderated by the public emotion toward social issues \[[@pone.0167896.ref012], [@pone.0167896.ref040]\]. This theory focuses on how emotion and reason interact with each other to produce a thoughtful and attentive citizenry, with a particular emphasis on "the dynamics between feeling and thing through which busy individuals come to pay some attention to the hubbub of the political world that swirls around them" \[[@pone.0167896.ref040]\]. Affective intelligence theory argues that two emotional subsystems, namely, the disposition and surveillance systems, operate in the human brain. The disposition system provides active feedback on ongoing behavior and motivates individuals to depend on their habits when making political judgment, whereas the surveillance system prompts individuals to uncouple their reliance on habit, shift their attention to the new stimuli, and develop stronger motivation for learning.

In line with affective intelligence theory, the negative or aroused emotion toward an issue can motivate individuals to marshal cognitive resources, which leads to a reallocation of attentive resources among social issues. When the negative emotion toward an issue alerts individuals to potential danger/problems that are embedded in such issue, they will stop their ongoing attention pattern and reallocate their attention among social issues by enhancing the interaction among these issues. Increased emotional arousal also motivates these individuals to expend their efforts and rapidly mobilize their cognitive resources to handle possible challenges in the issue \[[@pone.0167896.ref040], [@pone.0167896.ref041]\]. Therefore, we hypothesize the following:

H4: Negative or aroused emotion toward one issue will strengthen the competitive or cooperative interaction between the issue and other issue(s).

Research Methods {#sec003}
================

This study focused on public emotion and public attention toward five social issues from May 2012 to April 2013. These five issues included Economy, Government-Politics (hereinafter labeled as "Politics"), Health, Job-Employment (hereinafter labeled as "Employment"), and Money-Spending (hereinafter labeled as "Spending"), which were found to be the top five most important problems facing the United States in public opinion polls \[[@pone.0167896.ref042]\]. The digital traces of users on Twitter were used to investigate how individuals would allocate their attention among the five issues and how they would feel about these issues.

Data Collection and Cleaning {#sec004}
----------------------------

A keyword-based approach, which was used in empirical studies on Twitter \[[@pone.0167896.ref043], [@pone.0167896.ref044]\], was adopted to retrieve tweets. Following a bottom-up approach to generate search queries for social issues in \[[@pone.0167896.ref045]\], We derived an extensive list of 2,129 keywords on the five issues, which was reported in [S1 Table](#pone.0167896.s001){ref-type="supplementary-material"}.

Those tweets in English that contained the keywords in the list and were posted during the study period were retrieved from the Twitter Firehose. We obtained approximately 378 million tweets that were categorized into several issues according to the keywords included in the tweets. However, this keyword-based approach may include tweets that are irrelevant to the five issues under study. The support vector machine (SVM) classification method \[[@pone.0167896.ref046]\], a widely used automatic classification technique in machine learning, was then employed to clean up the retrieved tweets. Specifically, we built a training dataset by randomly selecting 1,000 tweets for each issue and manually coding each tweet as relevant or irrelevant for the associated issue. We constructed an SVM model for each issue by using 600 coded tweets and tested the model with the remaining 400 coded tweets. The SVM model requires that a tweet must be represented by a feature vector which was generated according to term frequency (occurrence of a word in a tweet). The average precision and recall rates were 0.80 and 0.84, respectively. We removed common words, such as stop words, before classification. The trained model was used to classify the tweets in each issue, which facilitated the removal of irrelevant tweets. A total of 265 million tweets were then retained for further analysis, of which 4% focused on Economy, 43% on Politics, 16% on Health, 25% on Employment, and 12% on Spending.

Measurement and Aggregation of Public Attention and Public Emotion {#sec005}
------------------------------------------------------------------

Compared with solicited responses in public opinion polls, the self-initiated behavior of Twitter users (e.g., posting or retweeting a tweet on an issue) could better represent public attention in an unobtrusive way and with a fine-grained time scale \[[@pone.0167896.ref025]\]. In the study, we measured public attention on a social issue as a normalized score which refers to the percentage of the number of tweets related to a particular issue over the total number of tweets that were related to all five issues within a certain time window. The measurement of public attention as a normalized score has been a common practice in public opinion research \[[@pone.0167896.ref003], [@pone.0167896.ref035], [@pone.0167896.ref047]\]. A very important assumption underlying this normalization practice is that individuals in a society can have limited time and attention to process information they encounter. When individuals are faced with multiple social issues, they can only selectively pay attention to limited number of issues. This normalization practice can allow researchers to capture individuals' selectivity in attention allocation.

We adopted a circumplex model of emotion \[[@pone.0167896.ref048]\] that describes emotion as a concept that comprised two dimensions, namely, arousal and valence. It has been found in psychological research that most of the variance in descriptions of emotions can be explained by these two dimensions: (1) valence, varying from negative to positive, and (2) arousal, varying from low to high \[[@pone.0167896.ref049]--[@pone.0167896.ref052]\]. Moreover, individuals' attention control was found to be influenced by their emotional valence and arousal in psychological experiments \[[@pone.0167896.ref053], [@pone.0167896.ref054]\]. This two-dimension measurement of emotion has demonstrated great power in many empirical studies \[[@pone.0167896.ref055]\]. Therefore, in the study we measured public emotion toward each social issue into two dimensions, namely, emotional arousal and emotional valence.

A corpora-based approach, which assumes that those individuals who use the same language have similar conceptions of different discrete emotions \[[@pone.0167896.ref056]\], was employed to compute the emotional arousal and valence from the collected tweets. The Affective Norms for English Words (ANEW) \[[@pone.0167896.ref057]\], which was widely employed to measure emotion in various formats of online written expression, such as blog posts \[[@pone.0167896.ref058], [@pone.0167896.ref059]\], tweets \[[@pone.0167896.ref060]\], and discussions in online communities \[[@pone.0167896.ref022], [@pone.0167896.ref061]\], was used as the corpora. This corpora contains a large number of English words, with each word occupying a two-dimension measure of emotion (i.e., arousal and valence scores), which scores range from 1 to 9. For example, the mean arousal and valence scores of the word *happy* were 6.49 and 8.21 with standard deviations of 1.82 and 2.77. Each tweet was initially split into a sequence of words, and each word was pre-processed (e.g., chopping the suffix of the word) for further analysis. These words were then searched in the ANEW corpora. If the word was found in the corpora, we extracted the mean and standard deviations of the word's arousal and valence scores. If a tweet contained no or only one ANEW word, the arousal and valence scores of the tweet would not be computed (i.e., considered missing) because we assumed that the number of words (i.e., less than two) was insufficient to estimate the emotion of the tweet.

Afterward, the arousal and valence scores of a tweet were estimated from those of the words that were extracted from the same tweet. In the estimation, we considered both the mean and standard deviation of the arousal and valence scores of each word. We assumed that the arousal and valence scores of each word follow a normal distribution. Therefore, a probability density function was adopted to estimate the probability for the arousal and valence scores of the word to fall at the corresponding mean values. The emotional arousal and valence scores of each tweet were estimated using the following equations in which the mean arousal and valence scores of each word in a tweet were initially weighted by their corresponding probabilities and then summed up: $$T_{a} = \frac{{\sum_{i}W_{i}^{a}}P_{i}^{a}}{\sum_{i}P_{i}^{a}}\mspace{6mu} where\mspace{6mu} P_{i}^{a} = {\int_{W_{i}^{a} - d_{w}}^{W_{i}^{a} + d_{w}}{N\left( W_{i}^{a},\sigma_{a}^{2} \right)}}$$ $$T_{v} = \frac{{\sum_{i}W_{i}^{v}}P_{i}^{v}}{\sum_{i}P_{i}^{v}}\mspace{6mu} where\mspace{6mu} P_{i}^{v} = {\int_{W_{i}^{v} - d_{w}}^{W_{i}^{v} + d_{w}}{N\left( W_{i}^{v},\sigma_{v}^{2} \right)}}$$ where *T*~*a*~ and *T*~*v*~ represent the estimated arousal and valence scores of a tweet, $W_{i}^{a}$ and $W_{i}^{v}$ denote the mean of the arousal and valence scores of a word *W*~*i*~ in the tweet, and $P_{i}^{a}$ and $P_{i}^{v}$ denote the probability for the arousal and valence scores of the word to fall at the mean (i.e., $W_{i}^{a}$ and $W_{i}^{v}$). $W_{i}^{a}$ and *σ*~*a*~ are the mean and standard deviation that forms the normal distribution of arousal score, and $W_{i}^{v}$ and *σ*~*v*~ are the mean and standard deviation that forms the normal distribution of valence score of a word in ANEW dictionary. We set the value of *d*~*w*~ to small value (0.01 in this paper) to ensure the probability of the word *W*~*i*~'s arousal and valence score will fall at the mean.

All tweets were timestamped with 1-second precision. A daily interval was adopted to aggregate the public attention and public emotion toward social issues, thereby allowing us to obtain a reasonable number of observations and retain an adequate variance of study variables. The public attention on an issue per day was computed as the percentage of tweets on an issue that were posted within a day over all tweets that were posted within the day. Therefore, a time series of public attention with 365 time points was generated for each issue. The emotional arousal on an issue per day was computed as the average emotional arousal of tweets on an issue that were posted within the day, whereas the emotional valence on an issue per day was computed as the average emotional valence of tweets on an issue that were posted within the day. Therefore, two time series of emotional arousal and valence with 365 time points were generated for each issue.

Real-Event Indicators {#sec006}
---------------------

The effect of real-world cues in empirical research of public opinion must be controlled \[[@pone.0167896.ref062]\]. This study included six dummy variables to represent important real-life events that occurred between May 2012 and April 2013. These six events included the 9/11 memorial on September 11, 2012, Hurricane Sandy on October 29, 2012, the USA presidential elections on November 6, 2012, the Sandy Hook Elementary School shooting on December 14, 2012, the passing of the fiscal cliff bill by the US Senate on January 1, 2013, and the Boston Marathon bombing on April 15, 2013.

Analytical Models and Design {#sec007}
----------------------------

To test the proposed hypotheses, a difference equation system was developed to examine the factors that underlie the changes in the emotional arousal and valence on a social issue *i* from time *t-1* to time *t* (*ΔArousal*~*i*~ and *ΔValence*~*i*~) and the factors that underlie the changes in the public attention on a social issue from time *t-1* to time *t (ΔAttention*~*i*~). The endogenous affect hypothesis (H1) is tested using Eqs ([1](#pone.0167896.e011){ref-type="disp-formula"}) and ([2](#pone.0167896.e012){ref-type="disp-formula"}), whereas the affect transfer hypothesis (H2) and affective intelligence theory (H3 and H4) are tested in the Eq ([3](#pone.0167896.e013){ref-type="disp-formula"}).
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In Eqs ([1](#pone.0167896.e011){ref-type="disp-formula"}) and ([2](#pone.0167896.e012){ref-type="disp-formula"}), *β*~*1*~ captures the effect of public attention on an issue at time *t-1* (*Attention*~*t-1*,*i*~) on the changes in the emotional arousal (*ΔArousal*~*i*~) and emotional valence (*ΔValence*~*i*~) toward the issue. The other terms in Eqs ([1](#pone.0167896.e011){ref-type="disp-formula"}) and ([2](#pone.0167896.e012){ref-type="disp-formula"}) control the effects of other possible confounding factors. Specifically, *β*~*2j*~ and *β*~*3j*~ in Eqs ([1](#pone.0167896.e011){ref-type="disp-formula"}) and ([2](#pone.0167896.e012){ref-type="disp-formula"}) control the effects of emotional arousal on other issues at time *t-1*(*Arousal*~*t-1*,*j*~) and those of emotional valence on other issues at time *t-1* (*Valence*~*t-1*,*j*~), respectively. In Eq ([1](#pone.0167896.e011){ref-type="disp-formula"}), *β*~*4*~ controls the effect of emotional valence on the issue at time *t-1* (*Valence*~*t-1*,*i*~), whereas in Eq ([2](#pone.0167896.e012){ref-type="disp-formula"}), *β*~*4*~ controls the effect of emotional arousal on the issue at time *t-1* (*Arousal*~*t-1*,*i*~). *β*~*5p*~ controls the effects of real-world indicators (*Events*~*p*~) in Eqs ([1](#pone.0167896.e011){ref-type="disp-formula"}) and ([2](#pone.0167896.e012){ref-type="disp-formula"}).

In Eq ([3](#pone.0167896.e013){ref-type="disp-formula"}), the affect transfer hypothesis (H2) is tested using *β*~*1*~ and *β*~*2*~, which capture the main effects of emotional arousal on the issue at time *t-1* (*Arousal*~*t-1*,*i*~) and the emotional valence on the issue at time *t-1* (*Valence*~*t-1*,*i*~) on the change in public attention toward an issue *i* (*ΔAttention*~*i*~). *β*~*3j*~ captures the main effect of public attention on other issues at time *t-1* (*Attention*~*t-1*,*j*~) which is used to test empirically how social issues interact with one another to attract public attention (H3).

Affective intelligence theory is tested by including two interaction terms, namely, *β*~*4j*~ and *β*~*5j*~, in the Eq ([3](#pone.0167896.e013){ref-type="disp-formula"}). *β*~*4j*~ captures the interaction effect between the emotional arousal on other issues and the public attention on other issues at time *t-1* (*Arousal*~*t-1*,*j*~*\*Attention*~*t-1*,*j*~), and *β*~*5j*~ captures the interaction effect between the emotional valence on other issues and the public attention on other issues at time *t-1* (*Valence*~*t-1*,*j*~*\*Attention*~*t-1*,*j*~). *β*~*6j*~ and *β*~*7j*~ control the effects of two moderators (i.e., *Arousal*~*t-1*,*j*~ and *Valence*~*t-1*,*j*~), and *β*~*8j*~ controls the effects of real-event indicators (*Events*~*p*~).

The three models comprise a simultaneous equation system that includes 15 equations for the changes in emotional arousal, emotional valence, and attention on five issues. The residual terms (*e*~*i*~) of these equations in the equation system tend to be correlated because those unconsidered factors that influence the residual term in one equation may influence the residual terms in the other equations \[[@pone.0167896.ref063]\]. Therefore, it is desirable to simultaneously estimate these equations in a system. We used the systemfit package in R \[[@pone.0167896.ref063]\], which allows us to specify multiple equations simultaneously and fit them with different estimation methods. Seemingly unrelated regression (SUR), also known as generalized least square estimation, was employed in this study because this method considers the covariance residual structure and produces efficient estimates \[[@pone.0167896.ref064]\].

Analytical Findings {#sec008}
===================

The findings section proceeds as follows. First, we describe the trends of public attention and public emotion toward the five social issues under study. Secondly, the overall model fit of the equation system is assessed. Then, we report our findings on the antecedents that underlie the changes in public emotion and public attention toward five issues. Finally, we would report how the real-event indicators would influence public emotion and public attention.

Descriptive Findings {#sec009}
--------------------

The trends of public attention and public emotion toward the five social issues are plotted in Figs [1](#pone.0167896.g001){ref-type="fig"}--[3](#pone.0167896.g003){ref-type="fig"}, respectively. As shown in [Fig 1](#pone.0167896.g001){ref-type="fig"}, on average the Politics issue attracted the greatest share of public attention (36%) from May 2012 to April 2013, followed by the Employment issue (29%), the Health issue (18%), the Spending issue (13%), and the Economy issue (5%). The peak value of public attention on the Politics issue is 93%, which occurred on November 7^th^ 2012 when Mitt Romney conceded the election to Barack Obama. The peak values of public attention on other four issues are 44% for the Employment issue, 33% for the Health issue, 22% for the Spending issue, and 7% for the Economy issue.

![Dynamics of Public Attention toward Social Issues.](pone.0167896.g001){#pone.0167896.g001}

![Dynamics of Emotional Arousal toward Social Issues.](pone.0167896.g002){#pone.0167896.g002}

![Dynamics of Emotional Valence toward Social Issues.](pone.0167896.g003){#pone.0167896.g003}

On average, Twitter users possessed aroused and positive emotion toward the five social issues in the study period. The mean scores of emotional arousal on a 9-point scale are 5.33 (*S*.*D*. = 0.07) on the Health issue, 5.24 (*S*.*D*. = 0.04) on the Employment issue, 5.18 (*S*.*D*. = 0.05) on the Politics issue, 5.10 (*S*.*D*. = 0.04) on the Spending issue, and 5.07 (*S*.*D*. = 0.04) on the Economy issue. The mean scores of emotional valence on a 9-point scale are 5.93 (*S*.*D*. = 0.06) on the Employment issue, 5.71 (*S*.*D*. = 0.07) on the Spending issue, 5.62 (*S*.*D*. = 0.09) on the Politics issue, 5.39 (*S*.*D*. = 0.23) on the Health issue, and 5.29 (*S*.*D*. = 0.07) on the Economy issue.

Bivariate Granger-Causality Tests {#sec010}
---------------------------------

Before SUR estimation is implemented to test the proposed hypotheses in the study, a bivariate Granger-causality test \[[@pone.0167896.ref065]\] is performed to examine the bivariate relationship among the fifteen time series. The results of bivariate Granger-causality test are summarized in [S2 Table](#pone.0167896.s002){ref-type="supplementary-material"}. Out of 210 Granger-causality tests among the 15 time series, 33 Granger-causality relationships are statistically significant which are summarized in [Fig 4](#pone.0167896.g004){ref-type="fig"}.

![Statistically Significant Bivariate Granger-Causal Relationships.](pone.0167896.g004){#pone.0167896.g004}

It is found that public attention on the Economy issue Granger-causes public attention on the Employment issue. Public attention on the Politics issue Granger-causes public arousal on the Employment issue. Public attention on the Employment issue Granger-causes public valence on the Politics and Employment issue.

Public arousal on the Economy issue Granger-causes public attention and valence on the Health issue. Public arousal on the Politics issue Granger-causes public attention on the Spending issue, public arousal on the Economy and Employment issue, and public valence on the Politics and Employment issue. Public arousal on the Health issue Granger-causes public arousal on the Employment issue. Public arousal on the Employment issue Granger-causes public attention on the Economy issue, public arousal on the Politics and Health issue, and public valence on the Employment issue. Public arousal on the Spending issue Granger-causes public attention on the Politics and Spending issue and public valence on the Spending issue.

Public valence on the Economy issue Granger-causes public arousal on the Economy issue. Public valence on the Politics issue Granger-causes public arousal on the Politics and Employment issues and public valence on the Health issue. Public valence on the Health issue Granger-causes public attention on the Politics, Employment, and Spending issues as well as public valence on the Spending issue. Public valence on the Employment issue Granger-causes public attention on the Spending issue. Public valence on the Spending issue Granger-causes public attention on the Economy and Spending issues, public arousal on the Politics and Employment issues, and public attention on the Politics issue.

SUR Model Fit Assessment {#sec011}
------------------------

SUR estimation results of the equation system are summarized in Tables [1](#pone.0167896.t001){ref-type="table"}--[3](#pone.0167896.t003){ref-type="table"}, respectively. Before we report the hypothesis testing results, we should assess the overall model fit of the equation system with three measures, namely, the goodness-of-fit of the SUR equation system and the goodness-of-fit of specific equations in the system, the heteroscedasticity of residuals in specific regression equations, and the presence of autocorrelation among residuals in specific regression equation.

10.1371/journal.pone.0167896.t001

###### SUR Estimation Results on the Change of Emotional Arousal on Social Issues.

![](pone.0167896.t001){#pone.0167896.t001g}

  Coefficients                                                       Dependent Variables                                                                                                                                                                                                          
  ------------------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------ ----------------------------------------------------
  **Intercept (*β***~***0***~**)**                                   --0.001(0.002)                                         0.001(0.003)                                            --0.001(0.005)                                         --0.0001(0.002)                                        --0.0003(0.002)
  **Attention (*β***~***1***~**)**                                                                                                                                                                                                                                                                
  Economy~t-1~                                                       0.332(0.290)                                           ----                                                    ----                                                   ----                                                   ----
  Politics~t-1~                                                      ----                                                   --0.006(0.027)                                          ----                                                   ----                                                   ----
  Health~t-1~                                                        ----                                                   ----                                                    --0.286(0.139)[\*](#t001fn004){ref-type="table-fn"}    ----                                                   ----
  Employment~t-1~                                                    ----                                                   ----                                                    ----                                                   0.074(0.040)[^†^](#t001fn003){ref-type="table-fn"}     ----
  Spending~t-1~                                                      ----                                                   ----                                                    ----                                                   ----                                                   --0.059(0.078)
  **Emotional Arousal (*β***~***2j***~**)**                                                                                                                                                                                                                                                       
  Economy~t-1~                                                       ----                                                   0.096(0.073)                                            0.094(0.127)                                           --0.023(0.058)                                         0.009(0.054)
  Politics~t-1~                                                      --0.054(0.046)                                         ----                                                    --0.167(0.091)[^†^](#t001fn003){ref-type="table-fn"}   0.076(0.043)[^†^](#t001fn003){ref-type="table-fn"}     --0.048(0.040)
  Health~t-1~                                                        0.031(0.037)                                           0.022(0.043)                                            ----                                                   0.018(0.034)                                           0.013(0.032)
  Employment~t-1~                                                    --0.032(0.073)                                         --0.100(0.085)                                          --0.128(0.149)                                         ----                                                   0.050(0.062)
  Spending~t-1~                                                      0.026(0.066)                                           --0.032(0.075)                                          0.004(0.131)                                           --0.001(0.060)                                         ----
  **Emotional Valence (*β***~***3j***~ **& *β***~***4***~**)**                                                                                                                                                                                                                                    
  Economy~t-1~                                                       --0.061(0.035)[^†^](#t001fn003){ref-type="table-fn"}   0.002(0.041)                                            --0.037(0.071)                                         0.009(0.033)                                           0.003(0.030)
  Politics~t-1~                                                      --0.017(0.029)                                         --0.009(0.034)                                          --0.067(0.060)                                         0.024(0.027)                                           --0.026(0.026)
  Health~t-1~                                                        0.006(0.012)                                           0.005(0.014)                                            0.09(0.021)[\*\*\*](#t001fn006){ref-type="table-fn"}   --0.011(0.011)                                         --0.003(0.010)
  Employment~t-1~                                                    --0.018(0.047)                                         --0.076(0.056)                                          --0.084(0.096)                                         --0.075(0.041)[^†^](#t001fn003){ref-type="table-fn"}   --0.032(0.042)
  Spending~t-1~                                                      0.017(0.036)                                           0.024(0.042)                                            0.037(0.072)                                           0.016(0.034)                                           --0.022(0.030)
  **Events (*β***~***5p***~**)**                                                                                                                                                                                                                                                                  
  9/11 Memorial (September 11, 2012)                                 0.086(0.046)[^†^](#t001fn003){ref-type="table-fn"}     --0.005(0.053)                                          0.045(0.092)                                           0.024(0.042)                                           0.012(0.039)
  Hurricane Sandy (October 29, 2012)                                 0.067(0.046)                                           0.037(0.053)                                            --0.087(0.092)                                         --0.034(0.042)                                         --0.006(0.039)
  USA Presidential Elections (November 6, 2012)                      0.015(0.046)                                           0.062(0.054)                                            0.121(0.093)                                           --0.002(0.042)                                         0.068(0.039)[^†^](#t001fn003){ref-type="table-fn"}
  Sandy Hook Elementary School Shooting (December 14, 2012)          --0.062(0.045)                                         --0.071(0.053)                                          0.075(0.091)                                           0.009(0.042)                                           --0.009(0.039)
  Passing of the Fiscal Cliff Bill by the Senate (January 1, 2013)   0.041(0.047)                                           --0.022(0.054)                                          --0.014(0.094)                                         0.009(0.043)                                           --0.004(0.040)
  Boston Marathon Bombing (April 15, 2013)                           0.044(0.046)                                           --0.144(0.053)[\*\*](#t001fn005){ref-type="table-fn"}   0.067(0.093)                                           0.003(0.042)                                           0.008(0.039)
  **Model Fit**                                                                                                                                                                                                                                                                                   
  Number of Cases                                                    364                                                    364                                                     364                                                    364                                                    364
  Durbin-Watson *d*                                                  2.61                                                   2.52                                                    2.67                                                   2.76                                                   2.91
  Adjusted *R*^2^                                                    2.3%[\*\*\*](#t001fn006){ref-type="table-fn"}          0.3%[\*\*\*](#t001fn006){ref-type="table-fn"}           9.8%[\*\*\*](#t001fn006){ref-type="table-fn"}          0.05%[\*\*\*](#t001fn006){ref-type="table-fn"}         2.6%[\*\*\*](#t001fn006){ref-type="table-fn"}

Note: Numbers enclosed in parentheses are the standard errors of estimates.

Level of significance

^†^ *p* \< 0.10

\* *p* \< 0.05

\*\* *p* \< 0.01

\*\*\* *p* \< 0.01.

10.1371/journal.pone.0167896.t002

###### SUR Estimation Results on the Change of Emotional Valence on Social Issues.

![](pone.0167896.t002){#pone.0167896.t002g}

  Coefficients                                                       Dependent Variables                                                                                                                                                                                                 
  ------------------------------------------------------------------ ----------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- --------------------------------------------- -------------------------------------------------------
  **Intercept (*β***~***0***~**)**                                   --0.001(0.004)                                        0.0001(0.004)                                           --0.004(0.014)                                          0.0002(0.003)                                 --0.001(0.003)
  **Attention (*β***~***1***~**)**                                                                                                                                                                                                                                                       
  Economy~t-1~                                                       1.089(0.516)[\*](#t002fn004){ref-type="table-fn"}     ----                                                    ----                                                    ----                                          ----
  Politics~t-1~                                                      ----                                                  --0.063(0.037) [^†^](#t002fn003){ref-type="table-fn"}   ----                                                    ----                                          ----
  Health~t-1~                                                        ----                                                  ----                                                    1.706(0.390)[\*\*\*](#t002fn006){ref-type="table-fn"}   ----                                          ----
  Employment~t-1~                                                    ----                                                  ----                                                    ----                                                    --0.039(0.057)                                ----
  Spending~t-1~                                                      ----                                                  ----                                                    ----                                                    ----                                          0.016(0.116)
  **Emotional Arousal (*β***~***2j***~ **& *β***~***4***~**)**                                                                                                                                                                                                                           
  Economy~t-1~                                                       --0.130(0.114)                                        0.053(0.105)                                            0.356(0.368)                                            0.018(0.083)                                  0.041(0.080)
  Politics~t-1~                                                      0.038(0.082)                                          0.033(0.075)                                            0.076(0.263)                                            0.037(0.061)                                  --0.009(0.060)
  Health~t-1~                                                        0.072(0.067)                                          --0.029(0.062)                                          1.123(0.192)[\*\*\*](#t002fn006){ref-type="table-fn"}   --0.019(0.049)                                --0.050(0.048)
  Employment~t-1~                                                    --0.131(0.132)                                        0.039(0.122)                                            0.114(0.428)                                            --0.078(0.090)                                0.017(0.092)
  Spending~t-1~                                                      --0.054(0.117)                                        --0.008(0.106)                                          --0.301(0.378)                                          0.059(0.086)                                  --0.111(0.082)
  **Emotional Valence (*β***~***3j***~**)**                                                                                                                                                                                                                                              
  Economy~t-1~                                                       ----                                                  --0.026(0.058)                                          0.132(0.204)                                            --0.029(0.047)                                --0.045(0.045)
  Politics~t-1~                                                      0.046(0.053)                                          ----                                                    --0.036(0.174)                                          --0.036(0.039)                                --0.048(0.039)
  Health~t-1~                                                        0.006(0.021)                                          0.008(0.020)                                            ----                                                    --0.010(0.015)                                --0.011(0.015)
  Employment~t-1~                                                    0.126(0.085)                                          --0.072(0.080)                                          --0.527(0.276)                                          ----                                          --0.126(0.062)[\*](#t002fn004){ref-type="table-fn"}
  Spending~t-1~                                                      --0.032(0.064)                                        0.034(0.060)                                            --0.083(0.208)                                          0.012(0.049)                                  ----
  **Events (*β***~***5p***~**)**                                                                                                                                                                                                                                                         
  9/11 Memorial (September 11, 2012)                                 0.159(0.082)[^†^](#t002fn003){ref-type="table-fn"}    --0.020(0.076)                                          --0.234(0.264)                                          0.038(0.060)                                  0.013(0.058)
  Hurricane Sandy (October 29, 2012)                                 0.029(0.082)                                          --0.035(0.076)                                          0.106(0.265)                                            --0.084(0.060)                                --0.006(0.058)
  USA Presidential Elections (November 6, 2012)                      --0.022(0.083)                                        0.106(0.077)                                            0.999(0.269)[\*\*\*](#t002fn006){ref-type="table-fn"}   0.010(0.061)                                  0.241(0.059)[\*\*\*](#t002fn006){ref-type="table-fn"}
  Sandy Hook Elementary School Shooting (December 14, 2012)          --0.112(0.081)                                        --0.153(0.075)[\*](#t002fn004){ref-type="table-fn"}     0.102(0.263)                                            --0.012(0.060)                                0.028(0.058)
  Passing of the Fiscal Cliff Bill by the Senate (January 1, 2013)   0.243(0.083)[\*\*](#t002fn005){ref-type="table-fn"}   0.055(0.077)                                            0.192(0.271)                                            0.023(0.062)                                  --0.076(0.059)
  Boston Marathon Bombing (April 15, 2013)                           --0.078(0.083)                                        --0.007(0.077)                                          --0.077(0.267)                                          --0.040(0.061)                                0.016(0.059)
  **Model Fit**                                                                                                                                                                                                                                                                          
  Number of Cases                                                    364                                                   364                                                     364                                                     364                                           364
  Durbin-Watson *d*                                                  2.78                                                  2.53                                                    2.72                                                    2.66                                          2.43
  Adjusted *R*^2^                                                    3.6%[\*\*\*](#t002fn006){ref-type="table-fn"}         1.3%[\*\*\*](#t002fn006){ref-type="table-fn"}           19.0%[\*\*\*](#t002fn006){ref-type="table-fn"}          3%[\*\*\*](#t002fn006){ref-type="table-fn"}   5.8%[\*\*\*](#t002fn006){ref-type="table-fn"}

Notes: Numbers enclosed in parentheses are the standard errors of estimates.

Level of significance

^†^ *p* \< 0.10

\* *p* \< 0.05

\*\* *p* \< 0.01

\*\*\* *p* \< 0.001.

10.1371/journal.pone.0167896.t003

###### SUR Estimation Results on the Change of Public Attention on Social Issues.

![](pone.0167896.t003){#pone.0167896.t003g}

  Coefficients                                                                                Dependent Variables                                                                                                                                                                                                                                                             
  ------------------------------------------------------------------------------------------- ----------------------------------------------------------------- ----------------------------------------------------------------- ----------------------------------------------------------------- ------------------------------------------------------------------------- -------------------------------------------------------------------
  **Intercept (*β***~***0***~**)**                                                            0.000003(0.0004)                                                  0.0001(0.003)                                                     0.001(0.002)                                                      --0.001(0.002)                                                            --0.0004(0.001)
  **Emotional Arousal (*β***~***1***~ **& *β***~***6j***~**)**                                                                                                                                                                                                                                                                                                                 
  Economy~t-1~                                                                                **--0.00002(0.010)**                                              *0*.*031(0*.*092)*                                                *--0*.*047(0*.*048)*                                              *--0*.*001(0*.*052)*                                                      *0*.*012(0*.*023)*
  Politics~t-1~                                                                               *0*.*007(0*.*008)*                                                **--0.036(0.068)**                                                *0*.*029(0*.*036)*                                                *--0*.*018(0*.*039)*                                                      *0*.*026(0*.*017)*
  Health~t-1~                                                                                 *0*.*005(0*.*008)*                                                *0*.*029(0*.*060)*                                                **0.004(0.027)**                                                  *--0*.*046(0*.*038)*                                                      *0*.*004(0*.*016)*
  Employment~t-1~                                                                             *0*.*026(0*.*013)*[^*†*^](#t003fn004){ref-type="table-fn"}        *--0*.*124(0*.*111)*                                              *0*.*117(0*.*062)*[^*†*^](#t003fn004){ref-type="table-fn"}        **--0.025(0.059)**                                                        *0*.*009(0*.*030)*
  Spending~t-1~                                                                               *--0*.*034(0*.*011)*[^*\*\**^](#t003fn006){ref-type="table-fn"}   *0*.*187(0*.*096)*[^*†*^](#t003fn004){ref-type="table-fn"}        *--0*.*028(0*.*051)*                                              *--0*.*068(0*.*055)*                                                      **--0.050(0.023)**[^**\***^](#t003fn005){ref-type="table-fn"}
  **Emotional Valence (*β***~***2***~ **& *β***~***7j***~**)**                                                                                                                                                                                                                                                                                                                 
  Economy~t-1~                                                                                **--0.015(0.006)**[^*\*\**^](#t003fn006){ref-type="table-fn"}     *0*.*100(0*.*054)*[^*†*^](#t003fn004){ref-type="table-fn"}        *0*.*001(0*.*029)*                                                *--0*.*089(0*.*031)*[^*\*\**^](#t003fn006){ref-type="table-fn"}           *0*.*003(0*.*014)*
  Politics~t-1~                                                                               *0*.*001(0*.*005)*                                                **0.006(0.044)**                                                  *--0*.*023(0*.*024)*                                              *0*.*008(0*.*026)*                                                        *0*.*005(0*.*011)*
  Health~t-1~                                                                                 *--0*.*002(0*.*002)*                                              *--0*.*003(0*.*018)*                                              **--0.004(0.009)**                                                *0*.*007(0*.*010)*                                                        *0*.*001(0*.*005)*
  Employment~t-1~                                                                             *0*.*003(0*.*009)*                                                *--0*.*007(0*.*074)*                                              *0*.*010(0*.*042)*                                                **--0.045(0.040)**                                                        *0*.*037(0*.*020)*[^*†*^](#t003fn004){ref-type="table-fn"}
  Spending~t-1~                                                                               *--0*.*002(0*.*006)*                                              *0*.*049(0*.*053)*                                                *--0*.*013(0*.*028)*                                              *0*.*005(0*.*030)*                                                        **--0.036(0.014)**[^*\*\**^](#t003fn006){ref-type="table-fn"}
  **Attention (*β***~***3j***~**)**                                                                                                                                                                                                                                                                                                                                            
  Economy~t-1~                                                                                ------                                                            **2.511(0.525)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **0.173(0.283)**                                                  **--0.771(0.317)**[^**\***^](#t003fn005){ref-type="table-fn"}             **--0.054(0.160)**
  Politics~t-1~                                                                               **0.685(0.060)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   ------                                                            **0.680(0.056)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **0.261(0.044)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}           **0.240(0.045)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}
  Health~t-1~                                                                                 **0.677(0.062)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **0.439(0.108)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   ------                                                            **0.472(0.083)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}^**--**^   **0.275(0.058)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}
  Employment~t-1~                                                                             **0.725(0.062)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **-0.043(0.077)**                                                 **0.860(0.072)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   ------                                                                    **0.322(0.055)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}
  Spending~t-1~                                                                               **0.711(0.070)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **-0.266(0.175)**                                                 **0.845(0.111)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **0.577(0.122)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}           ------
  **Attention[\*](#t003fn005){ref-type="table-fn"}Arousal Interaction (*β***~***4j***~**)**                                                                                                                                                                                                                                                                                    
  Economy~t-1~                                                                                ------                                                            [7.414(7.420)]{.ul}                                               [--4.044(4.477)]{.ul}                                             [--0.802(4.908)]{.ul}                                                     [--2.459(1.926)]{.ul}
  Politics~t-1~                                                                               [0.072(0.043)[^*†*^](#t003fn004){ref-type="table-fn"}]{.ul}       ------                                                            [--0.292(0.169)[^†^](#t003fn004){ref-type="table-fn"}]{.ul}       [0.258(0.170)]{.ul}                                                       [--0.026(0.087)]{.ul}
  Health~t-1~                                                                                 [--0.015(0.154)]{.ul}                                             [--1.784(0.990)[^*†*^](#t003fn004){ref-type="table-fn"}]{.ul}     ------                                                            [1.655(0.767)[\*](#t003fn005){ref-type="table-fn"}]{.ul}                  [0.140(0.338)]{.ul}
  Employment~t-1~                                                                             [0.266(0.157)[^*†*^](#t003fn004){ref-type="table-fn"}]{.ul}       [--1.010(0.958)]{.ul}                                             [0.302(0.734)]{.ul}                                               ------                                                                    [0.436(0.348)]{.ul}
  Spending~t-1~                                                                               [0.347(0.222)]{.ul}                                               [--2.430(1.745)]{.ul}                                             [0.136(1.162)]{.ul}                                               [1.945(1.249)]{.ul}                                                       ------
  **Attention[\*](#t003fn005){ref-type="table-fn"}Valence Interaction (*β***~***5j***~**)**                                                                                                                                                                                                                                                                                    
  Economy~t-1~                                                                                ------                                                            [1.839(4.191)]{.ul}                                               [0.640(2.507)]{.ul}                                               [--2.241(2.747)]{.ul}                                                     [--0.248(1.073)]{.ul}
  Politics~t-1~                                                                               [0.007(0.026)]{.ul}                                               ------                                                            [--0.088(0.097)]{.ul}                                             [0.061(0.099)]{.ul}                                                       [0.032(0.053)]{.ul}
  Health~t-1~                                                                                 [0.013(0.039)]{.ul}                                               [0.192(0.241)]{.ul}                                               ------                                                            [--0.197(0.189)]{.ul}                                                     [--0.002(0.084)]{.ul}
  Employment~t-1~                                                                             [0.063(0.092)]{.ul}                                               [--0.719(0.566)]{.ul}                                             [0.540(0.436)]{.ul}                                               ------                                                                    [0.118(0.202)]{.ul}
  Spending~t-1~                                                                               [0.016(0.119)]{.ul}                                               [--2.322(0.928)[\*](#t003fn005){ref-type="table-fn"}]{.ul}        [0.610(0.610)]{.ul}                                               [1.615(0.665)[\*](#t003fn005){ref-type="table-fn"}]{.ul}                  ------
  **Events (*β***~***8p***~**)**                                                                                                                                                                                                                                                                                                                                               
  9/11 Memorial (September 11,2012)                                                           **0.009(0.007)**                                                  **--0.042(0.064)**                                                **0.034(0.033)**                                                  **--0.008(0.036)**                                                        **0.006(0.016)**
  Hurricane Sandy (October 29, 2012)                                                          **--0.002(0.007)**                                                **--0.030(0.065)**                                                **--0.031(0.034)**                                                **--0.002(0.037)**                                                        **0.005(0.017)**
  USA Presidential Elections (November 6, 2012)                                               **--0.018(0.008)**[^**\***^](#t003fn005){ref-type="table-fn"}     **0.220(0.066)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}   **--0.056(0.035)**                                                **--0.109(0.038)**[^**\*\***^](#t003fn006){ref-type="table-fn"}           **--0.038(0.017)**[^**\***^](#t003fn005){ref-type="table-fn"}
  Sandy Hook Elementary School Shooting (December 14, 2012)                                   **--0.014(0.007)**[^**\***^](#t003fn005){ref-type="table-fn"}     **0.193(0.064)**[^**\*\***^](#t003fn006){ref-type="table-fn"}     **0.010(0.033)**                                                  **--0.120(0.036)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}         **--0.068(0.016)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}
  Passing of the Fiscal Cliff Bill by the Senate (January 1, 2013)                            **--0.002(0.007)**                                                **0.041(0.067)**                                                  **--0.015(0.035)**                                                **--0.044(0.038)**                                                        **0.021(0.017)**
  Boston Marathon Bombing (April 15, 2013)                                                    **--0.008(0.007)**                                                **0.158(0.065)**                                                  **--0.064(0.034)**[^*†*^](#t003fn004){ref-type="table-fn"}        **--0.129(0.037)**[^**\*\*\***^](#t003fn007){ref-type="table-fn"}         **0.043(0.016)**[^**\*\***^](#t003fn006){ref-type="table-fn"}
  **Model Fit**                                                                                                                                                                                                                                                                                                                                                               
  Number of Cases                                                                             364                                                               364                                                               364                                                               364                                                                       364
  Durbin-Watson *d*                                                                           2.18                                                              2.27                                                              2.08                                                              2.21                                                                      2.29
  Adjusted *R*^2^                                                                             28.9%[^**\*\*\***^](#t003fn007){ref-type="table-fn"}              20.2%[^**\*\*\***^](#t003fn007){ref-type="table-fn"}              28.5%[^**\*\*\***^](#t003fn007){ref-type="table-fn"}              22.5%[^**\*\*\***^](#t003fn007){ref-type="table-fn"}                      20.7%[^**\*\*\***^](#t003fn007){ref-type="table-fn"}

Numbers enclosed in parentheses are the standard errors of coefficients.

The bolded numbers are the coefficients of the main-effect items, the italicized numbers are the coefficients of the moderators, and the underlined numbers are the coefficients of the interaction terms.

Level of significance

^†^ *p* \< 0.10

\* *p* \< 0.05

\*\* *p* \< 0.01

\*\*\* *p* \< 0.001.

First, the goodness-of-fit of the SUR equation system is evaluated with McElroy's *R*^*2*^ \[[@pone.0167896.ref066]\], while the goodness-of-fit of specific equation is evaluated with adjusted *R*^*2*^ \[[@pone.0167896.ref067]\] which indicates the explanatory power of each equation in the equation system. The McElroy's *R*^*2*^ of the SUR equation system in the study is 14%. All the fifteen equations in the SUR equation system are found to provide a significantly better fit to the observed data than the intercept-only model. However, the explanatory power of these fifteen equations varies. As shown in the lower panes of Tables [1](#pone.0167896.t001){ref-type="table"} and [2](#pone.0167896.t002){ref-type="table"}, the ten equations, which account for the changes of emotional arousal and emotional valence toward the five issues, have quite small explanatory power. The adjusted *R*^*2*^ ranges from 0.05% to 9.8% in [Table 1](#pone.0167896.t001){ref-type="table"} and from 1.3% to 19% in [Table 2](#pone.0167896.t002){ref-type="table"}. The five equations, which account for the change of public attention toward the five issues, have moderate explanatory power. The adjusted *R*^*2*^ ranges from 20.2% to 28.9% in [Table 3](#pone.0167896.t003){ref-type="table"}.

Secondly, the heteroscedasticity of residuals in each regression equation is assessed, which can help us determine if the coefficient estimates of each equation is biased or not \[[@pone.0167896.ref067]\]. If there is no heteroscedasticity among residuals of a regression equation, it suggests the coefficient estimates in the regression are unbiased. Otherwise, the coefficient estimates are biased. The heteroscedasticity of residuals can be assessed with residual plots in which the residuals of a regression equation are plotted against its predicted scores. If there are no clear patterns in residual plots, we can conclude that there is no heteroscedasticity among residuals of a regression equation and therefore the coefficient estimates in the regression are unbiased. In our study, we don't identify any clear patterns from the residual plots of all fifteen equations as shown in [Fig 5](#pone.0167896.g005){ref-type="fig"}. In other words, the residuals of all fifteen equations are homoscedastic and the coefficient estimates in all equations are unbiased.

![Residual Plots of SUR Estimations.](pone.0167896.g005){#pone.0167896.g005}

Third, the presence of autocorrelation among residuals is assessed with Durbin-Watson *d* (DW-*d*) statistics \[[@pone.0167896.ref068]\]. DW-*d* determines the presence of autocorrelation between adjacent residuals of the regression model, with *d* ranging from 0 (perfectly positive auto-correlation) to 4 (perfectly negative auto-correlation). As shown in the lower panes of Tables [1](#pone.0167896.t001){ref-type="table"}--[3](#pone.0167896.t003){ref-type="table"}, the DW-*d* values of all fifteen equations range from 2.08 to 2.91, which is slightly above 2 (i.e., absence of auto-correlation). In other words, there are some negative autocorrelation remaining in the residuals of all fifteen regression equations, implying that the variance of the dependent variables in all equations (i.e., the change of public attention and public emotion toward five social issues) cannot be fully explained by the theoretical variables included in the model.

To summarize, the difference equation system in the study provided statistically significant model fit to the data and produced unbiased coefficient estimates, although some equations have quite limited explanatory power. Next, we would proceed to examine individual coefficients to test the proposed research hypotheses.

Testing the Endogenous Affect Hypothesis {#sec012}
----------------------------------------

The direct effect of public attention on public emotion (H1), as suggested by the endogenous affect hypothesis, is partially supported in the study. As shown in [Table 1](#pone.0167896.t001){ref-type="table"}, public attention on the Employment issue at an earlier period drives the public to feel more aroused toward the issue *per se* (*β* = 0.074, *p* \< 0.10), whereas that on the Health issue causes the public to feel less aroused toward the issue *per se* (*β* = --0.286, *p* \< 0.05). Public attention on the Economy, Politics, and Spending issues does not significantly cause the changes in emotional arousal toward the three issues.

Public attention on the Economy (*β* = 1.089, *p* \< 0.05) and Health (*β* = 1.706, *p* \< 0.001) issues causes the public to feel more positive toward the issues, as reported in [Table 2](#pone.0167896.t002){ref-type="table"}. By contrast, public attention on the Politics issue causes the public to feel less positive toward the issue (*β* = --0.063, *p* \< 0.10). Public attention on the Employment and Spending issues does not significantly cause the changes in their emotional valence toward the two issues.

Testing the Affect Transfer Hypothesis and Affective Intelligence Theory {#sec013}
------------------------------------------------------------------------

The affect transfer hypothesis, which argues that public emotion has a direct and positive effect on public attention toward social issues, is not supported. Instead, the public emotion toward an issue will moderate the interaction between the issue and other issues, thereby empirically supporting affective intelligence theory.

The emotional arousal and valence toward the Politics, Health, and Employment issues are independent from the changes in the public attention toward these issues. The emotional arousal toward the Economy issue does not significantly change the public attention on this issue. Interestingly, emotional valence and arousal negatively influence the changes in the public attention toward the Economy and Spending issues, which contradicts the affect transfer hypothesis. As reported in [Table 3](#pone.0167896.t003){ref-type="table"}, the emotional valence toward the Economy issue decreases the attention on the issue *per se* (*β* = --0.015, *p* \< 0.01), whereas the change in the public attention toward the Spending issue is negatively caused by the emotional arousal (*β* = --0.050, *p* \< 0.05) and emotional valence (*β* = --0.036, *p* \< 0.01) toward the Spending issue.

It is found that social issues can interact with one another in both competitive and cooperative ways to gain public attention. Competitive interaction, which refers that public attention on one issue at the cost of public attention on the other issue, is observed between Economy and Employment issues. Specifically, public attention toward the Economy issue drives a decreases of public attention toward the Employment issue (*β* = --0.771, *p* \< 0.05), whereas that toward the Employment issue drives an increase of public attention toward the Economy issue (*β* = 0.725, *p* \< 0.001).

Cooperative interaction, which refers that public attention on one issue will lead to an increase of public attention on the other issue, is found to be another type of interaction between multiple pairs of social issues in the study. Specifically, we found there are two subtypes of cooperative interaction: mutually cooperative interaction and one-way cooperative interaction. Mutually cooperative interaction, implying that the public attention toward two issues will contribute to each other, is observed among five pairs of issues, namely, Economy and Politics, Health and Politics, Health and Spending, Health and Employment, and Employment and Spending. One-way cooperative interaction, implying that the public attention toward one issue will contribute to that toward another issue but not vice versa, is observed among four pairs of issues, namely, Health and Economy, Politics and Employment, Politics and Spending, and Spending and Economy. Among these four pairs, the public attention toward the former issue increases the public attention toward the latter issue, while the public attention toward the latter issue does not significantly influence the public attention toward the former issue.

Consistent with affective intelligence theory, several interactions between social issues are moderated by the public emotion toward social issues. The emotional arousal toward the Politics issue strengthens the positive effect of public attention toward the Politics issue on the public attention toward the Economy issue (*β* = 0.072, *p* \< 0.10). The emotional arousal toward the Health issue enhances the positive effects of public attention toward the Health issue on public attention toward the Employment issue (*β* = 1.655, *p* \< 0.05). The emotional arousal toward the Employment issue strengthens the positive effect of public attention toward the Employment issue on public attention toward the Economy issue (*β* = 0.266, *p* \< 0.10). The emotional valence toward the Spending issue negatively moderates the effect of public attention toward the Spending issue on public attention toward the Politics issue (*β* = --2.322, *p* \< 0.05)

Significant moderation effects that contradict affective intelligence theory are also observed. The emotional arousal toward the Politics issue negatively moderates the positive effect of public attention toward the Politics issue on public attention toward the Health issue (*β* = --0.292, *p* \< 0.10), whereas the emotional arousal toward the Health issue also negatively moderates the positive effect of public attention toward the Health issue on public attention toward the Politics issue (*β* = --1.784, *p* \< 0.10). The emotional valence toward the Spending issue positively moderates the positive effect of public attention toward the Spending issue on public attention toward the Employment issue (*β* = 1.615, *p* \< 0.05).

Effects of Real-Event Indicators on Public Emotion and Public Attention {#sec014}
-----------------------------------------------------------------------

Among the six real-event indicators in this study, the 9/11 memorial in 2012 drives the public to feel more aroused and positive toward the Economy issue. Hurricane Sandy in 2012 does not significantly influence the public emotion toward all five social issues. The USA presidential elections in 2012 drives the public to feel more aroused toward the Spending issue and more positive toward the Health and Spending issues. The Sandy Hook Elementary School shooting in 2012 drives the public to feel less positive toward the Politics issue. The passing of the fiscal cliff bill in 2013 causes the public to feel more positive toward the Economy issue. The Boston Marathon bombing in 2013 drives the public to feel less aroused toward the Politics issue.

The 9/11 memorial, Hurricane Sandy, and the passing of the fiscal cliff bill do not significantly influence the public attention on all five social issues. The USA presidential election and the Sandy Hook Elementary School shooting increase the public attention on the Politics issue, but decrease the public attention on the Economy, Employment, and Spending issues. The Boston marathon bombing decreases the public attention on the Health and Employment issues, but increases the public attention on the Spending issue.

Discussion and Conclusions {#sec015}
==========================

Public attention rarely focuses on a single issue for a long period, and the public tends to allocate their attention among several social issues in a dynamic way. However, the public was assumed to be a collection of cold-hearted individuals whose attention, perception, and behavior are insulated or hindered by their emotion \[[@pone.0167896.ref026]\]. Psychological literature has rejected such assumption and argued that the public is a collection of individuals who experience various emotional states toward several social issues \[[@pone.0167896.ref069]\]. However, we lack empirical evidence to verify the twists in the relationship between public emotion and public attention, namely, how the emotion individuals experience toward social issues influence their attention allocation and how the attention that individuals allocate to these issues will influence their emotion.

We fill the research gap by performing an integrated test of three perspectives that concern the role of emotion in politics. The large-scale longitudinal data from Twitter and the time series analytical approach allow us to investigate the subtle interplay between public attention and public emotion within an issue and the intricate role of public emotion in the allocation of attention among several social issues. Our findings have theoretical and methodological significance, which can advance our knowledge about the roles of public emotion in political communication as well as the driving mechanisms that underlie the dynamics of public attention.

The first two hypotheses concern the endogenous mutual influence between public emotion and public attention within an issue. Our findings partially support the endogenous affect hypothesis, which argues that the public attention on a social issue will change the public emotion toward the issue *per se*. By contrast, we reject the affect transfer hypothesis, which argues that the aroused and positive emotion toward an issue induces a positive change in the public attention on the issue *per se*. Moreover, the issue-specific approach and the two-dimension measure of public emotion allow us to delineate the boundary of these two hypotheses.

The attention-solicited change in public emotion is found to exist on four issues, namely, Economy, Employment, Health, and Politics, but such change is not detected on the Spending issue. Moreover, the direction of such change varies among several issues and between emotional dimensions. Individuals' increasing attention on the Employment issue would make them feel more aroused toward the issue, while their increasing attention on the Health issue will make them feel less aroused toward the issue. Individuals' increasing attention on the Economy and Health issues will make them feel more positive toward the issue, while individuals' increasing attention on the Politics issue will make them feel less positive toward the issue. This finding confirms an argument in psychological research that the emotion of individuals is specific to an issue or event \[[@pone.0167896.ref070]\]. Such an issue-specific approach is necessary in future research to understand fully the intricate role of emotion in political communication.

Emotion is argued to "profoundly influence processes of engagement (interest), attention, information seeking, and memory---in short, what citizens are exposed to and what they learn" \[[@pone.0167896.ref010]\], but the affect transfer hypothesis is rejected in this study. When the effects of public attention toward other issues and potential confounding factors are controlled, the effects of public emotion on public attention are not significantly positive for all five issues. Consistent with the findings of previous studies \[[@pone.0167896.ref026], [@pone.0167896.ref071]\], this study casts doubt on the conventional wisdom that the positive or aroused emotion toward a social issue can be mechanically transferred to attract more attention toward a particular issue.

Nevertheless, our findings do not suggest that the public emotion toward social issues will not lead to the change of public attention. Interestingly, the emotional valence toward the Economy issue as well as the emotional arousal and valence toward the Spending issue induce negative changes in the public attention toward both issues. In other words, the positive emotion toward these two issues dilutes the public attention on these issues. Further studies must further explore the influential mechanism of public emotion on public attention within an issue.

Our findings confirm that the rise and fall of public attention toward a social issue is not an independent process and that social issues interact with one another to attract public prominence. The large-scale digital footprint on Twitter also helps us identify three types of interaction (e.g., competitive, mutually cooperative, and one-way cooperative) among the five social issues under study. Our findings differ from those of earlier studies that identify competition as the mainstream type of interaction among social issues \[[@pone.0167896.ref004], [@pone.0167896.ref035]\].

Such difference may be attributed to the research context of this study, which draws on user-generated content on Twitter to measure the public attention and public emotion toward social issues. Twitter users use closely related words or adopt similar linguistic styles to express their interest in related issues (e.g., Economy, Employment, and Spending), which makes it easier to capture the cooperation, instead of competition, between social issues \[[@pone.0167896.ref038], [@pone.0167896.ref039]\]. The contrasting findings may also be attributed to the pairwise interaction that is examined in this study. We only focused on the interaction between two social issues. However, it has been found that two related social issues can work jointly to attract public attention from the third issue \[[@pone.0167896.ref038]\]. In other words, higher-order and more complicated interaction between multiple social issues can exist among social issues to recruit public attention.

Therefore, we cannot conclude that cooperation, rather than competition, is the dominant type of interaction among social issues because we only consider the interaction among five specific issues within a specific time window. However, our findings imply that competition must not be the sole type of interaction among social issues, especially on social media where users are confronted with a preponderance of attentional choices and have a tight grip on their attentive issues. Future political communication research must give equal attention to cooperative and competitive types of interaction among social issues and consider the higher-order interactions among social issues.

The interaction among social issues is assumed to result solely from the rational choices of individuals. Nevertheless, we find that the public emotion toward social issues has a critical role in such interactions by contributing to the development of a realistic theory of political judgment \[[@pone.0167896.ref040]\]. Instead of promoting a direct transfer from public emotion to public attention, the public emotion toward an issue moderates the interaction between the issue and other issue(s). The emotion-moderated interaction among social issues provides mixed support to affective intelligence theory.

Consistent with affective intelligence theory, the aroused emotion toward an issue (i.e., Politics, Health, and Employment) and the negative emotion toward an issue (i.e., Spending) enhance the interaction between the issue and other issues. In particular, the aroused and negative feelings serve as signals that are activated by individuals to re-assess their information environment and adjust their pre-existing attention allocation strategy \[[@pone.0167896.ref040]\]. This kind of re-assessment and adjustment engages individuals to utilize cognitive resources to process relevant information, which further intensifies the interaction between social issues.

Inconsistent with affective intelligence theory, the aroused emotion toward the Politics and Health issues negatively moderates the positive mutual interaction between Politics and Health, whereas the positive emotion toward the Spending issue strengthens its interaction with the Employment issue. Accounting for these contradictory findings is beyond the scope of this study. Nevertheless, these findings cannot be considered a complete rejection of affective intelligence theory. Future studies must be conducted to find out for which issues and under what conditions affective intelligence theory can work, which is at the core of theory development in social sciences \[[@pone.0167896.ref067]\] and indicates the maturity and sophistication of a theory \[[@pone.0167896.ref072]\].

Limitations and Future Research {#sec016}
===============================

The limitations of this study are as follows. The first limitation is the aggregate-level analysis that is adopted in the study. The aggregate data are subject to so-called "ecological fallacy" \[[@pone.0167896.ref073]\], as it makes two stronger assumptions about the uniformity of the population. The first assumption is that the causal relationship specified at the aggregate level should have a psychological mechanisms operating at the individual level, while the second assumption is that the strength and direction of the relationship found at the aggregate level should be comparable to that at the individual level. The first assumption is not a concern in the study, because the hypothesized relationships between public attention and public emotion are developed based on psychological theories at the individual level and are proved to be plausible at the individual level. Nevertheless, the second assumption that the aggregate-level findings derived from the current study can be generalized to the individual level should be empirically tested in the future. Meanwhile, we have to admit that the individual-level analysis of the dynamic interplay between public attention and public emotion poses very demanding requirements to researchers' data collection, as we need to continuously observe a random sample of individuals for an adequately long time frame. How to draw a random sample of user from a population on social media and how to access streaming behavioral data of a specific group of users via public API provided by social media companies are both challenging tasks in social media studies \[[@pone.0167896.ref074], [@pone.0167896.ref075]\].

The second limitation is the small explanatory power of the two models which are proposed to account for the changes of emotional arousal and emotional valence toward the five social issues. Theoretically, this finding suggests that the endogenous affect perspective could not adequately explain the change of emotional arousal and valence toward social issues. Future studies should take into account other important variables that are relevant to the change of public emotion. Empirically, the proposed model in our study only consider the linear relationship between variables. Future studies could also explore the nonlinear relationships between public emotion and other relevant variables with theoretical backup.

The third limitation is the top-down approach in determining the social issues under study and the keyword-based approach adopted retrieve issue-related tweets from Twitter. Despite its efficiency, this approach underestimates, to an unknown extent, the size of the issue space unless an exhaustive list of keywords is used. Moreover, the relative share of each searched issue on the issue space tends to be biased to an unknown extent. Future research are needed to empirically examine the robustness of our findings when other social issues are taken into account.

Last but not least, although the two-dimension measurement of public emotion is well-grounded and widely adopted in empirical studies, this measurement prevents researchers from examining the effects of subtle emotional states, such as happiness, anger, anxiety, depression, and fatigue. Future research are needed to employ other operationalization of public emotion to investigate the relationship between public attention and specific emotional states. Moreover, as individuals in different cultures may have different attention allocation patterns and emotion expression patterns, future studies can examine if the findings of the study can be replicated in other cultural contexts or not.
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